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SECTION  II  THEORETICAL  METEOROLOGICAL  ANALYSIS 
A.  CHARACTERISTICS  OF  STRATOSPHERIC  FLOW 
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Figure  II-l.  Form  of  assumed  velocity  fluctuation 


Figure  II-2*  The  maximum  error  of  the  computed  large-scale  acceleration  as' 
a percentage  of  the  siim.ll  scale  acceleration  p(  , plotted  as  a 
fraction  of  the  ratio  of  observation  interval  to  wave  period, 


Figure  II-3*  Example  of  the  trajectory  obtained  by  a best  fitting  linear 

function  of  the  velocity,  if  the  observation  interval  is  comp- 
arable to  the  wave  period. 


Figure  II-U*  Observed  trajectory  flight  #2U,  broken  line>  and  trajectory  computed 
from  a lineas’  velocity  trend,  solid  line*  The  sections  of  the 
trajectory  selected  for  a second  linear  approximation  are  mark- 
ed A and  B* 
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Table  I.  Observational  errors  equivalent  to  a position  error  of  0.2 
mile  for  a balloon  at  80,000  feet,  80  miles  away. 

Table  II.  Maximum  error  in  the  computation  of  acceleration  in  units 
10“2  cm  sec“2  for  an  error  in  position  of  O.li  mile. 

Table  III .Analysis  of  the  north-south  component  of  flight  #2U. 

Table  IV.  Analysis  of  east  winds. 

Table  V.  Analysis  of  west  winds. 
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P B.  WINDS  IN  THE  UPPER  TROPOSPHERE  AND  LOWER  STRATOSPHERE 


I.  Introduction 

II.  A summary  of  the  winds  in  the  lower  stratosphere 

III. Some  features  of  the  wind  maximum  at  the  tropopause 

IV.  Extension  of  the  methods  of  analysis  to  t)e  stratosphere 

Figure  II-5.  Average  wind  velocities  (m  sec“^)  in  the  lower  stratosphere 
observed  for  the  balloon  flights,  April  through  November, 

1952.  The  vertical  lines  give  the  vertical  range  of  each 
observation.  The  circle  denotes  the  level  above  which  the 
flow  becomes  easterly. 

Figure  II-6,  Hodograph  for  flight  #35*  The  location  of  the  nearby  Radio- 
sonde stations  with  respect  to  ]£lnneapolis  are  also  Indicated. 

Figure  II-7.  Radiosonde  obseirration  made  at  stations  located  along  a line 
perpendicular  to  the  shear  vector  of  flight  #35 » see  Figure 
6.  The  highest  tenperatures  in  the  lower  stratosphere  are 
observed  to  the  right  of  the  shear  vector. 

Table  VI . Distribution  of  maximum  wind  speeds  (m  sec~^)  in  the  sixteen 
cases  of  high  winds. 


I 

» 


J 

S 

i 

I 

i 

I 

i 


! 


Confidential  Security  information 


page  11-116 


Confidential 


I.  General  Considerations 

1.  Purpose 

The  greatest  portion  of  the  flight  of  the  plastic  stratosphere  balloons 
is  usTially  spent  floating  on  a constant  pressure  surface.  The  flight  traj- 
ectories during  this  period  describe  the  stratosphei^c  flow  in  considerable 
detail  but  the  number  of  flights,  by  meteorological  standards  constitute  an 
extremely  small  san^sle.  This  description  of  the  atmospheric  flow  is  unusual 
for  the  conventional  meteorological  upper  air  reports  consist  of  successive 
observations  of  the  motion  at  fixed  points  while  the  balloon  trajectory  might 
be  termed  a-  quasi-Lagrangian^  system,  describing  the  motion  of  a particle  in 
time.  TNhile  Lagranglan  systems  are  frequently  employed  in  atmospheric  hydro- 
dynamical  amlysis,  this  type  of  observation  is  sufficiently  new  to  warrant 
some  discussion  before  comparing  the  present  observations  of  the  stratospheric 
flow  with  the  better  known  characteristics  of  the  flow  in  the  troposphere. 

It  is  the  purpose  of  this  study  to  gain  an  insight  of  the  nature  of  the 
stratospheric  flow  by  summarizing- certain  of  its  physical  characteristics, 
the  anplitudes  and  periods  of  the  velocity  fluctuations  of  the  horizontal 
conponent  of  the  flow.  It  is  hoped  that  some  of  the  limitations  inposed  by 
a restricted  sample  will  not  be  so  great  for  a summarization  of  physical 
characteristics  as  they  may  be  for  a climatological  summary.  The  type  of 
sutmmary  undertaken  has  some  advantages  also  in  providing  a quantitative 
basis  for  conparison  with  the  flow  in  the  troposphere. 

This  investigation  was  also  motivated  by  a direct  requirement  of  the 
balloon  program,  that  of  the  prediction  of  the  future  course  of  the  balloon. 
Extrapolation  will  be  a fundamental  part  of  ary  system  of  prediction  and  the 

^In  the  sense  that  the  flow  is  quasi-isobaric,  if  this  extension  of  the  term- 
inology of  Starr,  Journal  of  Me'teorology,  19h$f  is  permissable. 
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«representativeness«  for  this  purpose,  of  a velocity  observation  will  obviously 
depend  upon  the  length  of  the  period  of  observation  and  the  periods  of  the 
velocity  fluctuations.  It  is  also  possible  that  information  on  the  different 
scales  of  stratospheric  motion  may  be  useful  in  studies  of  diffusion. 

2.  Review  of  previous  work  on  tropospheric  motion 

Actually  more  observations  of  trajectories  of  constant  altitude  balloons 
have  been  made  in  the  stratosphere  than  in  the  troposphere  so  that  an  entirely 
equivalent  description  of  the  tropospheric  flow  is  not  available.  Some  of  the 
value  of  the  stratospheric  data,  therefore,  cannot  be  realized  because  it  is 
necessary  to  rely  on  different  sources  using  more  indirect  observations  to 
provide  the  tropospheric  conparison. 

The  weather  systems  and  associated  motions  with  which  the  meteorologist 
is  usually  concerned,  are  frequently  termed  large-scale.  In  the  upper  air, 
for  exaa?)le,  the  pressure  disturbances  and  streaunline  patterns  are  tracked 
without  difficulty  in  a network  of  observations  spaced  at  intervals  of  several 
hundreds  of  miles.  Y/hile  the  trajectories  do  not  in  general  coincide  with  the 
streamlines,  the  available  tropospheric  balloon  trajectories  at  least  establish 
that  similar  an?)litudes  are  quite  common.  It  is  also  recognized  that  velocity 
fluctuations  of  smaller  period  and  an^ilitude  exist  in  the  troposphere  althou^ 
this  motion  is  not  detectable  from  the  present  network  of  observations.  A 
number  of  investigators  have  made  special  measurements  of  the  smaller  scale 
motions  by  tracing  smoke  puffs  and  constant  altitude  balloons  (Durst,  19^8; 

Durst  and  Gilbert,  1950)  and  by  making  a series  of  closely-spaced  pilot  balloon 
runs  (Brooks,  19U7j  Rapp,  1952).  The  reported  small-scale  velocity  fluctuations 
2 

Trajectories  of  constant  altitude  balloons  at  300  mb  are  given  in  Report  1072, 
General  ICLlls  Aeronautical  Research  Laboratories,  21  March  1952. 
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are  as  large  as  2,5  m sec”^  with  periods  of  at  least  one  hour,  and  for  periods 
of  5 to  1$  minutes  fluctuations  of  2 m sec“^  have  been  observed.  The  acceler- 
ations implied  by  these  values  are  considerably  larger  than  the  accelerations 
of  the  large-scale  motion,  and  it  is  necessary  to  perform  some  sort  of  averag- 
ing or  filtering  process,  in  order  to  observe  these  fundamental  quantities  in 
the  hydrodynamical  equations  for  the  large-scale  motion. 

The  large-scale  accelerations  have  been  obtained  by  averaging  the  motion 
of  constant  altitude  balloons  over  relatively  long  time  intervals  (Durst  and 
Gilbert,  1950j  Mantis,  1952).  Besides  the  order  of  magnitude  the  most  inport- 
ant  fact  that  emerged  from  these  measurements  is  that  the  component  of  the 
acceleration  perpendicular  to  the  trajectory  is  frequently  greater  than  the 
eonponent  tangential  to  the  flow^.  Estimates  of  the  magnitude  of  the  tangen- 
tial component  of  the  accelerations  are  fairly  consistent;  from  the  rms  value  for 
the  acceleration  of  2.9  I 10“^  cm  sec”^  (Mantis)  the  amplitude  of  a represent- 
ative 21*  hour  velocity  fluctuation  will  be  at  least  10  m sec“^.  The  centrifugal 
acceleration  has  a very  unusual  distribution  and  a representative  value  is 
difficult  to  estimate.  However,  values  of  acceleration  as  large  as  10  X 10**^cm  sec 
are  frequently  observed. 

The  investigations  of  Durst  and  Rapp  have  provided  a large  portion  of 
the  data  for  the  tropospheric  coeparison  and  soae  of  the  same  methods  of 
analysis  are  used  in  the  present  study. 

3.  Data 

The  data  available  for  this  analysis  consisted  of  12  flights  made  by  the 
University  of  Minnesota  and  two  by  the  General  Mills  Laboratories.  The  floating 
elevation  and  periods  of  observation  are  rather  variable;  the  range  of  elevation 
of  all  flights  was  from  79  to  9l*  thousand  feet  and  the  time  Inter^'al  ranged 

^his  is  Iflplied  by  the  proponents  of  the  gradient  wind  relationships  but 
observation^  evidence  was  lacking  until  recently,  MSiburger,  M.  et.al,  19U6; 
Godson,  1950. 
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from  twenty  five  ainutes  to  five  hours.  The  najority  of  these  flints  were 
asde  in  the  sunmer  season  of  easterly  stratospheric  winds.  Some  cases  of 
westerly  flow  are  also  included  but  no  soundings  were  available  in  nid- 
vinter  and  the  few  cases  of  light  variable  winds  of  the  transition  season 
were  not  analyzed. 

the  balloon'  s trajectory  was  deterndzied  from  theodolite  observations 
at  five  minute  intervals;  the  elevation  above  the  surface  has  been  determined 
from  the  measurement  of  pressure  and  the  assunqption  of  the  stazxiard  atmosphere. 
In  a few  cases  double  theodolite  observations  were  adso  made  and  in  most 
university  flights,  trajectories  were  also  determined  by  photographing  the 
earth  from  the  balloon.  Except  for  the  most  recent  flights,  the  timing  of 
the  photographs  was  inaccurate  and  the  principal  value  of  the  double  theodolite 
and  camera  trade  has  been  in  verifying  the  single  theodolite  plot. 


II . Method  of  Analysis 

1|.  Approach 

The  different  time-scales  of  stratospheric  motion  are  to  be  separated  by 
a statistical  procedure.  The  observed  trajectory  consists  of  a set  of  position 
points  at  equal  tine  Inteinrals.  Each  "legw  of  the  trajectory,  therefore,  rep- 
resents the  mean  velocity  vector  in  the  time  interval  between  position  fixes. 

This  set  of  vectors  conprising  the  trajectory  will  be  a function  of  time: 

-A  ^ 

Vi»  Vi(t)  diere  Vi  is  the  mean  velocity  vector  in  theith  leg. 

Nov  it  will  be  assumed  that  the  east-west  and  north-south  components  of 
the  Vi  can  be  adequately  represented  by  linear  fimetions  of  time;  for  each 

eo^)onent  there  will  be  a funotiont  - 

V;  = V + dtj 

I = 1,2,  • • • n 

idiere  V:  s the  eonponent  of  the  large  scale  motion  in  the 
;th  leg 

t,  3 the  time  meas\o>ed  from  the  midpoint  of  the  trajectory 
' to  the  ai<43oint  of  the  |th  leg 
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n r the  total  number  of  legs  being  given  byn  s /£ 
Tand  & = the  observation  and  leg  intervals  respectively 

The  constants  V and  q are  determlxied  for  a given  observation  interval  by  the 
method  of  least  squares.  We  should  like  to  ascribe  the  observed  departures 
of  the  velocities  from  the  linear  function  to  the  effects  of  motion  of  small- 
scale  and  possibly  also  to  error. 

The  proposed  method  does  not,  of  course,  provide  an  absolute  separation 
of  different  scales  of  motion.  The  capabilities  and  limitations  of  the  method 
were  briefly  esqplored  by  analysing  single  model  velocity  waves  or  fluctuations. 
These  tests  were  designed  t o provide  information  on  several  questions  of  inter- 
pretation of  the  analysis}  (1)  The  error  introduced  by  small-scale  motion  into 
the  coi^utatlon  of  the  function  for  the  large-scale  motion;  (2)  The  limitation 
on  the  linear  assuaption  as  a description  of  the  large-scale  flow,  and  the  related 
question  of  the  significance  of  the  deviations  from  the  linear  function. 

5*  Effect  of  small-scale  motion  on  the  computation  of  larger-scale  motion 

The  error  produced  by  small-scale  motion  in  the  confutation  of  the  linear 
functions  will  be  discussed  by  considering  the  effect  upon  the  value  of  the 
large-scale  acceleration,  the  quantity  Q in  equation  (1).  We  shall  naturally 
expect  that  the  error  will  decrease  as  the  observation  interval,  T,  becomes 
large  with  respect  to  the  period  of  the  fluct\xatlon,T.  The  leg  interval  may 
also  affect  the  confutation  but  in  no  systematic  fashion,  it  was  found,  so 
long  as  the  leg  Interval,  is  small  comoared  to  the  i3eriod,£«T«  In  any  given 
computation  the  phase  displacement  of  the  wave  with  respect  to  the  origin  of 
the  confutation  will  be  Infortant  since  the  confuted  acceleration  may  be  zero 
for  a syametrical  wave.  Such  a fortuitous  cancelling  of  the  effect  of  the 
small  scale  motion  cannot  be  expected  in  practise  so  that  the  upper  limit  of 

X 

the  error,  the  maximum  error  for  a given  ratio  Vj  was  investigated.  For  this 
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purpose  a sinple  velocity  fluctuation  of  saw-tooth  shape  was  chosen  in  iSiich 
the  velocity  fluctuation  consists  of  half  periods  of  constant  acceleration 
with  alternate  signs 


It  will  sin^lify  the  discussion  if  m assume  the  origin  of  the  confut- 
ation to  be  centered  in  the  observation  interval  and  the  total  number  of  legs 
to  be  even»2k=  /£.  ^y  definition,  the  large-scale  acceleration  in  equation  (1) 
will  be  given  by  the  expression: 


Hhere  t;  is  the  time  measured  from  the  origin  to  the  center  of  the  |th  leg.  It 
was  then  established  for  the  limiting  case  shore  the  contributions  of  like 

sign  to  the  partial  sum  ^ Vj  tj  ^ n = over  any  time  interval  \ will  be  a 

oaxlmura  only  if  the  entire  half  wave  with  constant  sign  of  Vj  is  Included.  Hence, 
the  total  contribution  of  the  two  partial  sums  over  a half  period  at  either  end 
of  the  trajectory  (uhlch  will  be  the  greatest  since  t;  is  largest)  must  be  equal 
or  less  than  the  case  for  the  cooflete  half  wave  at  the  end  of  the  trajectory. 
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The  total  acceleration  nuet  be  eaudler  than  thia  quantity  since  the  next  larger 
partial  sum  ^ V-tj  will  be  of  opposite  sign.  The  case  where  is  an 
integer  is  readily  computed t 


Z^2n-l )(-!)" 


The  residual  ezrors  in'  the  conputed  acceleration  esqpressed  as  a fraction  of 
the  small-scale  acceleration  are  plotted  against  the  ratio  of  observation 
interval  to  period  in  Figiire  2. 

6.  Limitations  introduced  by  the  linear  assumption  for  the  large-scale  motion 
and  the  interpretation  of  the  observed  velocity  deviation 
The  acceleration  cooputed  by  the  linear  assumption  cannot  yield  represent- 
ative values  df  the  large-scale  acceleration  if  the  observation  interval  includes 
too  large  a fraction  of  the  period  of  the  fluctuation.  Several  tests  were  made 
with  sinusoidal  velocity  fluctuations  to  study  the  extent  of  this  linitati(». 

A velocity  oscillations 

Vj  = Vo  + V^sm^/€  (3) 

was  chosen  in  which  the  maximum  acceleration  will  hs  . An  obser- 

vation interval  of  1/5  the  period  of  the  wave  was  used  in  this  coiqputation, 

The  quantity  a in  eqxiation  (1)  was  then  cooputed.  for  different  phase  angles. 

All  values  of  the  acceleration  from  serp  to  were  fo\md  with  the 

representative  rms  value  of  0.71  2^Vq  for  all  cases.  Hence  it  would  seem 
that  a linear  f uxwtlon  will  yield  representative  accelerations,  at  least  ift 

The  case  of  intermediate  values  of  the  ratio  will  be  discussed  a 
further  example.  The  same  type  of  velocity  fluctuation  was  used  but  with  a 
longer  observation  interval  1.8  T • The  leg  interval  in  this  case  was  £=  T[g. 
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RATIO  OBSERVATION  INTERVAL  TO  WAVE  PERIOD  <tr/T 


Figi  II-2,  The  maximum  error  of  the  computed  large-scale  acceleration 
as  a percentage  of  the  small  scale  accftlerationofj  plotted  as  a fraction 
of  the  ratio  of  obseirvation  interval  to  wave  period, 
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The  wave  and  the  confuted  linear  trend  are  illustrated  in  Figxire  3» 


Fig.  II-3*  Exan^jle  of  the  trajectory  obtained  by  a beat  fitting 
linear  function  of  the  velocity,  if  the  observation  intem^al  is  conparable 
to  the  wave  period j'f*  1.8T"in  this  instance. 

nie  large-scale  acceleration  was  found  to  be  of  the  maxiBium  acceleration, 

« 0.05  ),  a reasonable  residual  value  for  the  case  iidiere  the  obser- 

vation spans  almost  two  periods  (See  Figure  2), 

The  velocity  wave  appears  principally  as  the  deviations  from  the  linear 
trend.  The  rms  velocity  deviation  of  the  legs  from  the  linear  function  was 
0.67Va.  The  approximate  half  period  of  the  fluctuation  is  shown  by  the  sequence 
or  runs  of  like  sign  of  the  deviations  of  the  legs  of  the  trajectory  from  the 
computed  linear  trend.  The  major  runs  average  7.7  legs  and  we  compare  this  time 
to  a half  period*  ^ 7*  7 6 

If  these  were  actual  observations  there  always  remains  the  possibility 
that  a given  run  of  like  sign  might  occur  sis;>ly  by  chance.  For  the  above 
exanple  the  probability  of  such  a sequence  as  observed  occurring  by  chance 
will  be  CQB?)uted  to  be  0.02  (Hoel,  19U7,  Page  177-182). 
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Rspreaentative  accelerations  of  the  smaller  scale  motion  can  be  obtained  by 
fitting  the  run  of  deviations  of  like  sign  by  a second  linear  regression.  In  the 
two  longest  runs  the  accelerations  ware  computed  to  be  and  -'0.73Va2lT^:^ 

The  deviations  of  the  velocity  in  the  individual  legs,  however,  must  be  ascribed 
to  the  limitation  of  the  linear  assuoption  for  an  interval  as  long  as  a half 
period.  The  rms  velocity  deviations  of  the  legs  were  0.17  and  0*10 Vq  , 
roughly  15^  of  the  amplitude  of  the  half  wave  being  fitted. 

The  effect  of  leg  interval  Tfas  not  pronounced  in  any  of  the  con^jutations 
unless  the  leg  interval  spans  a large  fraction  of  the  wavr  period.  To  illustrate 
some  of  the  difficulties,  the  same  wave  was  fitted  using  a leg  interval  four 
times  larger,  £ = ^5!  and  7^  = 2.4 T-  The  average  number  of  runs  of  like  sign  is 
2 and  again  this  is  very  nearly  a half  period,  2E=^5T-*/^.  However,  the 
probability  of  such  an  observed  dlstzlbution  of  signs  occurring  by  chance  is  very 

high,  0.29. 

7.  Effect  of  observation  errors 

In  the  analysis  of  observed  trajectories  a further  restriction  oh  the 
interpretation  of  the  velocity  fluctuations  is  determined  by  the  accuracy  of 
the  observations.  The  various  elements  of  an  observation  of  position  were 
reviewed  in  order  to  assess  the  order  of  magnitude  of  the  error.  The  obser- 
vations consist  of  measurement  of  time,  of  elevation  and  azimuth  angles  and 
an  altitude  determined  by  a pressure  measurement.  .The  confutation  of  the 
distance  away  from  the  observation  point  for  trajectory  lengths  encountered, 
reqiaires  a correction  for  atmospheric  refraction  and  earth  curvature.  This 
correction  is  most  conveniently  made  graphically  and  the  error  Introduced  at 
this  point  is  quite  large.  The  error  in  the  distance  computed  from  the  graph 
is  rather  Independent  of  distance  out  and  the  rms  deviation  from  the  mean  of  a 
set  of  independent  readings  of  the  graph  was  found  to  be  of  the  order  of  0.2  mile. 

Some  exaiif les  of  observational  errors  idiich  are  equivalent  to  a position 
error  of  0.2  mile  for  a balloon  80  miles  away  at  an  elevation  of  80»000  feet 
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are  given  in  Table  I. 


Table  I 

Observational  errors  equivalent  to  a position  error  of  0.2  mile  for  a 
balloon  at  SO^OOO  feet,  80  miles  away. 

Elevation  angle  - 0.03^ 

Azimuth  angle  = 0*l5° 

Altitude  a 200  feet 

Since  the  relative  altitude  not  the  absolute  altitude  is  important  in  the 
confutation  of  velocity  it  would  seem  that  only  in  measurement  of  the  elevation 
angle  could  errors  of  conparable  magnitude  be  introduced.  The  fact  that  the 
greatest  error  will  be  made  in  the  computation  of  the  distance  out  has  some 
further  inp ortance  in  the  analysis  because  the  error  will  depend  upon  the 
orientation  of  the  trajectory  and  the  greatest  error  will  be  made  in  the 
direction  along  rather  than  across  the  line  of  sight. 

The  effect  of  the  error  upon  the  confutation  of  the  large-scale  accel- 
eration may  be  determined  in  very  much  the  same  way  as  the  effect  of  small- 
scale  motion.  If,  despite  the  above  discussion,  the  error  is  independent  of  the 
trajectory  a given  observation  fix  must  lie  within  a circle  of  radius  r , the 
maximum  error  in  position.  Then  as  before,  the  maximum  contribution  to  the 
confuted  acceleration  will  be  made  by  the  end  legs  of  the  trajectory  and  the 

or 

maximum  velocity  deviation  in  each  end  leg  will  beV=^.  7or  the  case  that 

the  number  of  legs  is2k4-l  = >^,the  maximum  error  in  the  coiqputatlon  of  the 

acceleration,  produced  by  a position  error  r , will  be  t 

= 2Vk  & = {2%)  ke 


zlTIi? 

i = l 

-5  I2r(2k-H) 
f*(k  + l) 


(i)' 

i=l 

24  r 


(hi 


where  k is  large. 

If  we  take  thesbsolute  maximum  error  a O.U  miles  (smaller  values  will  be 
expected  for  distances  out  less  than  30  miles)  the  maximum  errors  in  the 
computation  of  the  acceleration  as  a fwietlon  of  the  observation  interval 
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may  be  determined  from  equation  (U)> 

Table  II 

—9  —2 

Maximum  error  in  the  computation  of  acceleration  in  units  10  cm  sec  for  an 
error  in  position  of  O.U  mile** 


Observation  interval,  minutes 

5 

10 

20 

itO 

80 

160 

2U0 

320 

•»2  -.9 

Acceleration  error,  cm  sec  X 10  ^ 

i6  X 10^ 

li20 

lOU 

26 

3.2 

1.6 

0.72 

o.Uo 

«For  conparison  note  that  values  of  acceleration  for  1$0  minute  observation  inter- 
vals are  frequently  larger  -than  10  X 10~2  nihile  for  300  minutes,  values  of  3 X 10“2 
are  observed. 

The  probability  of  the  occurrence  of  the  maximum  velocity  deviation  mith  opposite 
sign  at  each  end  leg  is  very  small.  On  the  assumption  that  the  distribution  of 
acceleration  error  is  a multivariate  normal  function  of  uncprrelated  position 
fix  errors,  the  standard  deviation  of  acceleration  error  is  no  more  than  one  sixth 
the  indicated  maximum  error. 

III.  Results  of  the  Analysis 

8.  Exanple  of  the.  analysis,  flight  #2U 

As  an  aid  in  the  interpretation  of  the  results  of  the  analysis  of  the  flights 
reported  in  the  folloising  section,  one  trajectory  analysis  is  presented  here  in 
detail.  This  flight,  #2U,  mhich  happens  to  be  the  longest  observation  in  the 
group,  was  made  from  Minneapolis,  18  July  1952.  The  constant  altitude  portion 
of  the  flight  began  some  21  miles  from  the  observation  point  axid  ended  320 
minutes  later  at  a distance  l55  miles  to  the  west.  The  pressiure  altitude 
during  this  interval  varied  by  approximately  f200  feet  from  the  mean  elevation 
of  83^000  feet.  The  conputation  was  based  on  position  fixes  at  ten  minute 
observation  intervals. 

The  large  scale  motion  was  determined  by  fitting  the  linear  function  to 
the  velocity  components  as  discussed  above.  The  comparison  between  the  observed 
trajectory  and  the  linear  function  for  the  large  scale  motion  is  shown  in  Figure 
U and  the  data  and  the  results  of  the  oonputations  for  the  north-south  component 
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of  the  motion  are  listed  in  Table  III*  In  column  6 are  tabulated  the  values  of  tj 
the  time  measured  from  the  mid-point  of  the  observation  interval  to  the  mid-point 
of  the  leg  interval.  Column  C lists  the  observed  average  north-south  component 
of  the  velocity  in  each  10  minute  leg,  determined  graphically  from  a plot  of  the 
trajectory.  The  large-scale  velocity  in  each  leg,  computed  from  the  linear 
relation,  equation  (1)  is  given  in  column  D.  ^e  mean  north-south  velocity 
V * -1.82  m sec“^  and  the  large  scale  acceleration  qs  2.51  X IQ-^sec”^. 

The  deviations  of  the-  observed  velocity  from  the  computed  large-scale 
velocity  are  tabulated  in  Column  E,  labled  where  AVjsVoi-Vj . These 
deviations  may  be  interpreted  as  motion  of  smaller  scale,  observation  error, 
or  siii¥)ly  the  result  of  the  limitation  of  a linear  description  for  the  motion. 
This  latter  possibility  c annot  be  excluded  immediately  if  only  because  the  rms 
AVj  « l*3lt  m sec”^  is  almost  as  large  as  the  mean  velocity. 

The  effect  of  observational  error  is  difficult  to  estimate  because  of  the 
wide  range  in  balloon  distance  and  hence  in  probable  error.  The  circle  of  max- 
imum error,  following  the  discussion  in  section  7,  varies  in  radius  from  O.O? 
miles  at  the  begiiuiing  to  0.65  miles  at  the  end  of  the  trajectory.  The  rms 
value  of  the  radius  of  maximum  error  for  this  trajectory  was  0.1*5  miles  which 
corresponds  to  a maximum  velocity  error  of  2.U  m sec”^  in  a ten  minute  leg.  It 
will  be  observed  that  a number  of  the  values  of  AVj , therefore  are  too  large  to 
be  ejq)lained  by  error  alone.  Actually  if  the  error  is  at  all  reasonably  dis- 
tributed the  rms  deviation  due  to  error  would  perhaps  be  no  greater  than  one- 
third  of  the  maximum  value.  This  estimate  is  based  upon  the  assunptions  that 
the  maximum  displacements  of  the  end  points  of  a velocity  vector  correspond  to 
twice  the  standard  deviation  of  the  position  fix  error  and  that  the  distrib- 
ution of  the  velocity  error  is  a joint  normal  distribution  function  of  the 
two  uneorrelated  end  point  errors. 
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Table  III#  Analysis  of  the  north-south  component  of  flight  2k 


Obs 

Obs 

Obs 

Trend 

Dev  from 

Aocum 

Int  wave 

Trend 

Dev  from 

no# 

time 

vel 

vel 

trend 

dev 

obs  time 

vel 

trend 

i 

^i 

Vo.i 

Vi 

^Vi 

di 

t‘ 

V» 

*•/ 

—1 

-/ 

-/ 

10  sec 

m»sec 

m«  sec 

m*  sec 

m*  sec 

10*^  sec 

m»sec 

m*sec 

A 

B 

C 

D 

E 

F 

G 

H 

I 

i 

-93. 

r3.9 

-ii.2 

.3 

.3; 

2 

-87 

-li.U 

-ii.O 

-.U 

-.1 

3 

-81 

-U.U 

-3.9 

-.5 

-.6 

li 

-75 

-3.9 

-3.7 

-.2 

-.8 

5 

-69 

-3.6 

-3.6 

0 

-.8 

' 

6 

-63 

-ii.l 

-3.il 

-.7 

-1.5 

7 

-57 

-2.7 

-3.3 

.6 

- .9 

8 

-51 

-U.l 

-3.1 

-1.0 

-1.9 

9 

-ii5 

-U.2 

-3.0 

-1.2 

-3.1 

10 

-39 

-2.9 

-2.8 

- .1 

-3.2: 

11 

-33 

-2.8 

-2.7 

- .1 

-3.3 

12 

-27 

-2.il 

-2.5 

.1 

-3.2 

13 

-21 

-2.9 

-2.il 

- .5 

-3.7 

-15 

-1.0 

.5 

111 

-15 

-3.7 

-2.2 

-1.5 

-5.2 

- 9 

- .5 

-1.0 

15 

- 9 

-1.8 

-2.0 

.2 

-5.0 

- 3 

.1 

. 3* 

16 

- 3 

-1.1 

-1.9 

.8 

-ii.2 

3 

.6 

,.2: 

17 

3 

0 

-1.7 

1.7 

-2.5 

9 

1.1 

.6 

18 

9 

- #ii 

-1.6 

1.2 

-1.3 

15 

1.6 

- .li 

19 

15 

l.U 

-l.il 

2.8 

, 1.5 

’-IH 

— 

- .9 

20 

21 

.7 

, -1.5 

2.0 

3.5 

-12 

2.7 

-.7 

21 

27 

3.7 

-1.1 

U.8 

8.3 

- 6 

1.7 

3.1 

22 

33 

-1.0 

-ni#o 

0 

e.3 

0 

.7 

- ^7 

23 

39 

-1.8 

- .8 

-1.0 

7.3 

6 

- .u 

- .6 

2ii 

ii5 

-2.il 

- .7 

-1.7 

5.6 

12 

-l.il 

- .3 

25 

51 

-2.8 

- .5 

-2.3 

3.3 

18 

-2.il 

.1 

26 

57 

- .7  ■ 

- .ii 

- .3 

3.0 

27 

63 

-l.il 

- .2 

-1.2 

1.8 

28 

69 

- .u 

- .1 

- .3 

1.5 

29 

75 

.2 

.1 

- .1 

1.6 

30 

81 

-2.U 

.3 

-2.7 

-1.1 

31 

87 

.5 

.li 

.1 

-1.0 

32 

93 

l.il 

.6 

.8 
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A major  cause  of  the  observed  velocity  deviation  is  immediately  suggested 
by  the  conparison  of  the  trajectory  for  the  large  scale  motion  and  the  observed 
trajectory.  Figure  Bie  almost  regular  oscillation  about  the  smooth  curve 
BMdces  it  appear  that  these  are  velocity  fluctuations  of  shorter  period  than  the 
observation  Interval.  This  possibility  is  investigated  quantitatively  by  deter- 
mining the  accupilated  deviations,  di  listed  in  column  P.  (The  displacement  of 
an  observation  fix  from  the  linear  trend  is  given  by  the  product  £d| ).  The  rms 
dj  s 3«5l  m see"^  considerably  larger  than  the  rmsiilVi,  indicating  runs  of  the 
deviations  of  like  sign.  Further  confirmation  is  found  by  investigating  the 
distribution  of  algebraic  sign  of  the  values  in  column -F.  The  probability 
that  this  distribution  would  occur  by  chance  is  less  than  0.02^. 

The  intermediate  waves  will  not  necessarily  appear  as  changes  in  sign  of 
the  dj  tinless  the  anplitudes  of  the  waves  are  uniform.  The  half -period  of  the 
intermediate  waves  are  best  selected  by  the  cases  of  increasing  and  then  decreas- 
ing sign  of  the  dj.  From  the  total  number  of  cases  the  average  period  is  found 
to  be  130  minutes  and  the  half  periods  of  greatest  aaplitude  chosen  for  further 
analysis  are  indicated  as  A and  B in  Figure  1;.  The  north-south  accelerations  in 
these  segments  were  conputed  by  fitting  a second  linear  regression  and  the  values 
obtained  were  8.9  X 10”^  and  -17*0  X lO^cm  sec*”^.  The  corresponding  quantities 
of  the  second  regression  conputations  are  distinguished  by  using  the  prime  symbol 
and  the  values  are  tabulated  in  columns  G,  H aixi  I. 

It  is  now  possible  to  decide  ttiat  the  intermediate  accelerations  do  not 
appreciably  affect  the  confutation  of  the  large-scale  accelerAtion,  Prom  Figure  2 
it  may  be  determined  that  the  mart  mum  Contribution  of  a small-scale  acceleration 
is  6%  for  this  observation  interval  and  wave  period.  The  maximum  contribution 
of  the  largest  small-scale  acceleration  is  therefore  1 X 10"^  nrtiich  may  be  com- 
pared with  the  observed  large-scale  value  of  2,5  X 10”^  cm  sec"^. 

Velocity  fluctuations  of  even  surlier  scale  shoiad  appear  as  deviations 
from  the  second  linear  regression.  The  rms  of  these  deviations  .j1V'=093b  sec“^, 
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ithich  is  smaller  than  our  estimate  of  maxiBium  error.  Again  some  of  the  values 
of  idV'  are  too  large  to  be  explained  error, but  in  general  these  fluctuations 
are  so  small  as  not  to  be  distinguishable  from  the  possible  error. 

In  summary  flight  #2U  exhibits  three  scales  of  atmospheric  motion; 

(1)  The  acceleration  measured  for  the  large-scale  con?)onent  which  ji^parently 
has  a period  greater  than  10  hours  is  2.5  I 10  cm  sec 

(2)  An  intermediate  fluctuation  of  average  period  of  about  2 hours  with  accel- 
erations of  as  large  as  17  X 10"^  cm  sec~2, , and 

(3)  Some  evidence  for  waves  with  a period  shorter  than  one  hour  but  with  anrolit- 
udes  smaller  than  1 m sec**T, 

9.  Results  of  all  cases 

The  results  of  the  analysis  of  the  lU  observations  are  given  in  Table  IV 
for  the  cases  of  easterly  flow  and  in  Table  V for  west  winds.  Most  of  the  colxxmn 
headings  are  self  explanatory  with  notation  following  conventions  described  in 
the  body  of  the  report.  Where  applicable,  the  north-south  and  east-west  comp- 
onents of  a measurement  are  indicated  after  the  column  number.  Distance  out, 
column  5,  refers  to  the  average  horizontal  distance  between  the  balloon  and  the 
observation  point,  in  order  to  estimate  more  representative  values  of  the  large- 
scale  acceleration, the  maximum  effect  of  the  intermediate  acceleration  was  conput- 
ed  using  the  diagram  in  Figure  2,  and  this  value  subtracted  from  the  large-scale 
accelerations.  The  residuals  which  represent  a minimum  value  of  the  large-scale 
acceleration  are  listed  in  coliimn  11.  Columns  12,  ik  and  19  give  the  error 
estimates  based  on  the  possible  displacement  of  the  position  fix.  The  error  in 
the  acceleration  or  overall  trend  (column  12)  are  the  estimated  standard  errors 
computed  from  the  error  in  position  fix  and  the  observation  interval;  these 
values  are  to  be  conpared  with  the  quantities  in  column  8.  The  estimated  standard 
error  in  velocity  (column  Ik)  is  computed  from  the  error  in  position  fix  and  the 
leg  interval  and  may  be  conpared  with  the  values  in  columns  13,  l6  and  18.  The 
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position  fix  errors  are  inaxlmm  estimates  so  that  roughly  half  of  these  values 
should  be  comparable  to  the  rms  values  of  the  observed  trajectory  displacement 
(column  20).  Colium  21  lists  the  results  of  the  analysis  of  the  sign  sequences 
of  position  displacements*  For  example,  a sign  probability  of  0.02$  indicates 
that,  assuming  random  error  distribution  about  a long  period  vave,  the  probability 
that  the  observed  sign  sequence  is  due  to  error  alone  is  less  than  2.^^. 

The  results  listed  in  the  table  indicate  the  existence  of  three  general  scales 
of  motion.  Long  period  waves  are  suggested  by  the  overall  trend  and  Judging  by 
the  appearance  of  the  trajectories  the  period  in  all  cases  is  greater  than  twice 
the  observation  interval,  i.e.  greater  than  5 hours  for  flights  #8,  #9,  #2l*  and 
#27*  The  remaining  overall  trend  values  give  evidence  of  either  long  period 
fluctuations  or  of  waves  of  intermediate  period  - from  1 to  5 hours.  The  inter- 
mediate scale  of  motion  is  also  indicated  by  the  sign  sequence  ^alyses.  The 
evidence  of  shorter  waves,-  1 hour  or  less  - is  suggested  by  the  part  of  the 
velocity  deviations  idiich  cannot  be  accounted  for  as  error  in  observation  or 
as  deviations  Inherent  in  the  linear  trend  method. 

Tlie  magnitudes  of  the  accelerations  obtained  may  be  arranged  according  to 
the  period  of  the  fluctuation.  The  acceleration  in  the  fluctuati(XX8  of  the 
largest  scale  range  from  0 to  U X 1(T^  Inithe  fluctuations  of 

intermediate  period  accelerations  as  large  as  l5  X 10^  cm.  seo”^  are  observed| 
while  for  fluctuation  with  periods  less  than  an  hour  the  deviations  are  not 
entirely  distinguishable  from  the  error  it  seems  likely  that  the  values  of 
50  I lO'^cmseo"^  awst  occur. 

The  anplitude  of  these  velocity  flt;ratuations  in  these  three  scales  of 

motion  may  also  be  estimated.  If  we  assume  the  velocity  fluctuations  in  each 

scale  to  be  independent  and  normally  distributed  the  variance  of  the  observed 

velocity  deviations  will  be  equal  to  the  sum  of  the  variance  due  to  each 

scale  of  motion  and  to  errori  i ^ z z z 

cr^  . (T,  * ai*  O',*  o; 
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irhere  the  subscripts  1,  2,  3 and  e denote  the  variance  due  to  large-scale, 
intermediate  scale,  and  small-scale  motion  and  to  error,  respectively.  For 
an  observation  of  several  hours  the  large-scale  motion  is  determined  by  the 
linear  function  and  the  variance  about  this  function  is  assumed  to  be  due 
to  smaller  scale  motion  and  to  error  hence t 

of  = (6) 

The  variance  due  to  the  largest  scale  of  motion  sill,  therefore,  be  deter- 
mined as  the  difference  of  the  total  variance  (5)i  and  the  variance  about  the 
linear  trend  (6),  The  square  poot  of  the  variance  due  to  the  largest  scale 
motion  is  listed  in  column  l5j  the  corresponding  values  for  the  total  observed 
fluctuations  and  the  deviations  from  the  trend  are  in  columns  13  and  l6. 

The  operation  can  be  repeated  to  determine  the  variance  due  to  the  motion 
of  smaller  scale  althou^  the  error  due  to  limitations  of  the  method  and 
assuaqptions  will  increase  after  successive  differences.  These  figures  for  the 
an^litude  of  smaller  scale  motion  listed  in  column  17  and  the  remaining  dev- 
iations of  column  18  must  be  viawod  as  rough  estimates. 

IV.  Conclusions 

10.  The  scale  of  stratospheric  motions 

It  has  been  found  that,  subject  to  limitations  due  to  the  length  and 
accuracy  of  the  observations,  it  is  possible  to  distinguish  motion  over  a 
rather  wide  range  of  periods.  As  noted  in  the  preceeding  section,  the  method 
of  analysis  mems  to  distinguish  three  general  groves  of  periods.  The  char- 
acteristics of  the  motion  in  each  gro\q>  are  summarized  in  Table  VI. 

Table  VI 

Characteristics  of  stratospheric  motions  of  different  periods 

Period,  hours  5-l5  1-3  i 

Accelerations  H0"^cm  sec"*^  0-U  3,0-15  'v  50 
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Table  VI  (continued) 

CharacterisfeLcs  of  stratospheric  motions  of  different  periods 


Amplitude  of  velocity 
fluctuation,  m sec“l 

1.5 

1.0  - 1.5 

1.0 

Amplitude  of  trajectory 

fluctuation  miles 

25* 

CM 

1 

0.5 

-MEstimated  to  be  consistent  with  the  amplitude  of  the  velocity  fluctuation 
and  the  estimated  period, 

While  the  data  is  separated  into  three  groups  of  motions  according  to  the 
period  it  should  not  be  assumed  that  it  shows  any  discontinuities  in  the  spectnua 
of  the  stratospheric  motion.  The  rather  surprising  fact  that  the  velocity  an5>li- 
tude  is  almost  independent  of  period  suggests  that  there  is  no  different  in  the 
type  of  flow  in  the  range  of  periods  investigated. 

These  results  may  be  compared  with  the  motion  observed  in  the  troposphere* 
The  motion  termed  large  scale  in  the  troposphere  is  of  someidiat  longer  period 
than  observed  here  and  the  velocity  amplitude  is  much  greater.  In  contrast 
with  the  above  results  for  the  stratosphere, the  large  scale  tropospheric  flow 
is  quite  distinct  from  the  smaller  scale  motion.  The  intermediate  and  small- 
scale  stratospheric  motions  are  very  nearly  con^arable  to  the  tropo^here, 
although  again  the  velocity  aaqilitudes  of  the  smallest  scale  stratospheric 
motions  seems  to  be  smaller, 

11,  Forecasting  laplications 

The  problem  of  the  extrapolation  of  the  course  of  the  balloon  may  now  be 
considered  in  the  light  of  the  derived  characteristics  of  the  flow.  The  motion 
is  seen  to  consist  of  velocity  fluctuations  with  a wide  range  of  periods  but 
with  similar*  aaplitudes.  As  a first  approximation  it  would  seem  obvious  that 
the  best  or  most  representative  wind  measxarement  for  extrapolition  will  be 
obtained  by  using  an  observation  interval  of  a length  comparable  to  the  forecast 
interval. 

For  periods  of  a few  hours  it  would  be  possible  to  extrapolate  only  the 
large  scale  motion  of  the  flow  with  an  expected  accuracy  of  the  trajectory  aop- 
litude  of  the  intermediate  small-scale  flow  (several  miles).  In  forecasts  for 
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a period  of  a dej*^  and  with  suitable  observation  length,  the  errors  would  be 
coiiparabls  to  the  aiqplitude  of  the  large  scale  trajeetoiy  fluctuations 
(2$  iBiles). 
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some  seasonal  trend;  the  lowest  elevation  of  reversal  occurs  in  mid  July  in 
about  the  middle  of  the  period  of  easterly  flow  • A slight  tendency  for  the 
easterly  flow  to  increase  with  elevation  is  also  observed. 

3»  Some  features  of  the  wind  maximum  at  the  tropopause 

The  balloon  ascents  show  several  interesting  details  of  the  wind  maximum 
which  so  frequently  is  found  at  the  base  of  the  stratosphere.  In  sixteen 
ascents  winds  in  excess  of  30  m sec"^  were  observed.  The  distribution  of 
the  maximum  observed  wind  speeds  in  these  l6  flights  is  shown  in  Table  VI. 

Table  VI 

Maximum  wind  speeds  m sec**^  observed  in  sixteen  ascents  during  high  winds. 

Range  of  maximum  wind  speeds,  m sec~^ 

30-3l*.9  35-39.9  l*o-UU.9  U5-U9.9  50-5U.9  55-59.9 

No.  of  cases  6 3 3 2 1 1 

The  elevation  of  the  wind  maximum  is  very  closely  related  to  the  height 
of  the  tropopause.  The  average  elevation  of  the  wind  maximum  for  thcrst;)  l6  cases 
was  37,600  feet,  vrtiich  is  Just  2000  feet  below  the  average  tropopause  height. 

The  standard  deviation  of  both  tropopause  height  and  elevation  of  the  wind 
maximum  was  5U00  feet.  The  correlation  coefficient  of  the  elevation  of  ihe 
wind  maximum  to  the  tropopause  height  in  these  l6  cases  was  0,83.  Because 
of  fair  weather  bias  almost  all  of  these  ascents  were  made  in  northwesterly 
flow  and  this  relationship,  if  representative  at  all,  mky  be  limited  to  this 
t^e  of  weather  situation. 

Another  characteristic  of  these  wind  profiles  was  the  noticeably  greater 
wind  shear  in  the  layer  above  the  wind  maximum  than  below.  The  average  vert- 
ical wind  shear  just  below  the  maximum  was  ?.89  X lO^^sec”^  (2.0  nph  per 
thousand  feet)  and  above  the  maximum,  the  average  shear  was  -7.6  X lO'^sec**^ 

($,2  mph  per  thousand  feet). 
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B.  WINDS  IN  THE  UPPER  TROPOSPHERE  AND  LOWER  SIRATOSPHERB 

1,  Introduction 

The  wind  measurements  made  during  the  ascent  of  the  plastic  balloons 
frequently  provide  information  in  the  upper  atmosphere  unavailable  by 
conventional  radio  wind  aeasureiaent.  Because  of  the  size  and  rate  of  ascent 
of  the  balloon  nd  observations  were  lost  during  ascent  solely  because  of  too 
great  a range.  The  tracicing  methods,  both  camera  and  theodolite,  are  essen- 
tially fair  weather  systems  and  the  data  will  therefore  suffer  this  bias. 

A total  of  twenty-three  ascents  with  wind  measurements  were  made  from 
Minneapolis,  Minnesota,  or  Pierre,  South  Dakota,  in  the  period  April  through 
November,  1952.  The  information  obtained  from  these  wind  measurements  will 
be  reviewed  in  this  report.  The  data  will  be  discussed  under  three  headings 
in  the  following  sections:  (1)  A Summary  of  the  winds  in  the  lower  stratos- 

phere j (2)  Some  features  of  the  wind  velocity  maxifflum  in  the  vicinity  of  the 
tropopausej  and  (3)  The  extension  of  meteorological  analysis  to  the  stratos- 
phere . 

2.  A summary  of  the  winds  in  the  lower  stratosphere 

The  broad  features  of  the  observed  stratospheric  winds  are  shown  in 
Figure  1 Tdiich  gives  the  variation  of  the  vertical  wind  profile  with  season. 
The  location  and  vertical  extent  of  each  observation  is  shown  by  the  vertical 
lines.  ISQpleths  of  average  velocity,  idiich  have  been  smoothed  rather  arbit- 
rarily are  given  in  m sec"^.  The  location  of  the  shift  from  westerly  to  east- 
erly flow  is  noted  .by  a circle  for  each  observation  and  the  smoothed  average 
limit  of  easterly  flow  is  given  by  the  solid  curve. 

Perhaps  the  most  important  features  of  Figure  B are  the  details  of  the 
period  of  easterly  flow.  Both  the  onset  of  easterly  winds  in  the  spring  and 
the  termination  in  the  fall  are  very  abrupt.  The  elevation  of  the  boundary 
between  easterly  and  westerly  flow  varies  from  day  to  day  but  does  exhibit 
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li.  Extension  of  the  methods  of  analysis  to  the  stratosphere 

The  observed  vo.nds  were  also  reviewed  with  the  thought  of  extending  the 
methods  of  analysis  to  the  lower  stratosphere.  'The  methods  of  extrapolating 
the  wind  and  pressure  field  in  regions  of  sparse  data  are  essentially  based 
upon  the  use  of  the  thermal  wind  relationship  in  an  effort  to  make  the  analysis 
of  pressure,  wind  and  temperature  mutually  consistent.  The  thermal  wind  vector 
or  shear  vector  in  the  stratosphere  was  therefore  investigated  by  plotting 
hodographs  for  all  the  ascents  and  in  addition  for  all  the  available  SKYHOOK 
ascents. 

The  hodographs  in  cases  of  strong  tropospheric  flow  were  quite  similar, 
again  possibly  because  these  are  all  similar  weather  situations,  A typical 
case  is  illustrated  by  the  hodograph  for  flight  #35,  Figure  6.  The  flow  is  from 
the  northwest  just  below  the  tropopause.  From  the  shear  vector  it  appears  that 
the  horizontal  temperature  distribution  is  quite  constant  in  the  layer  from  32 
to  66,000  feet,  and  that  there  is  a slight  cold  air  advection  in  this  deep  layer. 
The  actual  temperature  distribution  is  substantially  verified  by  the  plot  of  the 
Radiosonde  data  observed  along  a line  perpendicular  to  the  shear  vector.  Figure 
7. 

A deep  layer  extending  from  the  base  of  the  stratosphere  to  as  high  as 
75,000  feet,  in  which  the  orientation  of  the  shear  vector  and  sign  of  the 
advection  is  constant,  is  typical  of  a large  number  of  the  hodographs  with 
strong  flow.  Above  this  layer  a completely  different  horizontal  ten^jerature 
distribution  is  found  which  seems  to  be  highly  dependent  upon  season  with  no 
obvious  relationship  to  the  tropospheric  weather  system.  The  suggestion  is 
rather  strong  therefore  that  the  level  65,000  to  75*000  feet  marks  the  upper 
extent  of  the  tropospheric  weather  systems.  In  this  respect  the  consistency 
of  the  sign  of  the  advection  is  particularly  significant  because  of  the  high 
correlation  between  advection  and  the  sign  of  the  vertical  motion^. 

^Fleagle,  R.G.,  19l|8,  Journal  of  Meteorology,  p.  290. 
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Several  of  these  observations  are  pertinent  to  the  question  of  extra- 
polating the  methods  of  analysis,  fi'se  temperature  and  inind  observations  are 
consistent  so  that  the  usual  methods  for  extending  the  analysis  to  upper  levels 
should  be  valid  to  perhaps  6p,000  feet.  However,  it  also  strongly  suggests 
that  flow  patterns  at  this  elevation  will  be  as  complicated  as  the  isotherm 
pattern  just  above  the  tropopause.  In  this  case  it  would  seem  that  a rather 
dense  network  of  upper  air  observations  would  be  required  to  construct  a 
weather  map  which  would  depict  the  flow  at  these  elevations. 
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